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1 Inthis experiment, you will investigate the motion of an interrupted pendulum.

(@) Set up the apparatus as shown in Fig. 1.1.

string L

stand

bob

g

d Y
Gz /’/’://// i ,//5;5

bench

Fig. 1.1

Adjust the string in the split cork so that the distance L between the bottom of the split cork
and the centre of the bob is approximately 55 cm.

Measure and record L.

Calculate 5 .
2

N
|
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{b) {1} Attach the other boss and clamp and the wooden rod to the stand as shown in Fig. 1.2.

wooden rod

Fig. 1.2

Adjust the position of the wooden rod so that, when the string is touching the rod, the
angle A between the vertical and the string is approximately 14°, as shown in Fig. 1.2.

Without changing the length of the pendulum, ensure the distance between the wooden

rod and the centre of the bob is % .

Measure and record angle A.

(ii} Estimate the percentage uncertainty in your value of A.

percentage uncertainty = ... [1]

B©EJC 2021 9749/04/J2H2Prelim/2021

www.testpapersfree.com



5

(€) (i) Puil the bob away from the wooden rod so that the angle between the string and the
vertical is 45°, as shown in Fig. 1.3,

wooden rod

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Fig. 1.3

Release the bob. The bob will oscillate and hit the wooden rod.

Determine the period T of these oscillations.

T [2]
(ii} Calculate d where
. _sin A
sin45°
A= (1]
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{d) Move the position of the wooden rod so that angle A is approximately 28°.

Without changing the length of the pendulum, ensure the distance between the wooden rod
and the centre of the bob is éi :

Measure and record angle A and repeat {c}{i) and (¢)(ii).

A=
T =
d=
[3]
(e) Itis suggested that the relationship between T and d is
T=k{d+1.707)
where k is a constant.

(i) Using your data, calculate two values of k.
firstvalue of k= ... ... ... ...
secondvalueof k= ... ...
[1]
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(i) Justify the number of significant figures given in your values of & by comparing with the
significant figures of T and (d + 1.707).

.....................................................................................................................................................

.....................................................................................................................................................

el
(iii) Explain whether your results support the suggested relationship.
Justify your conclusion by referring to your answer in (b){ii).
............................................................................................................................................... [1]

[Total: 12]
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2 In this experiment, you will investigate the forces on an irregularly shaped object.

(a) Position the wooden strip on the pivot as shown in Fig. 2.1 so thatit is balanced.

wooden strip

—7/\

pivot

wooden block — _

T T e T

Fig. 2.1

Place the beaker under the wooden strip.
Hang the metal bob inside the beaker at a distance of 30.0 cm from the pivot, then balance
the strip by placing the mass on the other side of the pivot, as shown in Fig. 2.2.

30.0cm c : mass

string —
beaker
metal bob —

A,

Fig. 2.2

The distance between the centre of the mass and the pivot is c.

Measure and record c.
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(b) Pour water into the beaker until the metal bob is completely immersed,

Balance the strip by moving the position of the mass, as shown in Fig. 2.3.

30.0cm } d

 beaker ———}—| /\

w-ater /’/L &

T

Fig. 2.3

Ensure that the metal bob is completely immersed and is not touching the bottom of the
beaker.

The distance between the centre of the mass and the pivot is d.

Measure and record d.

d= [1]

(c) Estimate the percentage uncertainty in your value of d.
percentage uncertainty = ... ... ... [1]
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(d} Theory suggest that
density of the metalbob ¢
density of water ¢ -d

The density of water is 1000 kg m3.

Calculate the density of the metal bob.

density of the metalbob = ... [2]

(e) (i) Suggest a significant source of error in this experiment.

......................................................................................................................................................
......................................................................................................................................................

......................................................................................................................................................

(i) Suggest an improvement that could be made to this experiment to address the error
identified in (e){i). You may suggest the use of other apparatus or a different procedure.

......................................................................................................................................................
......................................................................................................................................................
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(f) The relationship from (d) holds not just for water, but also for any liquid whose density is less
than that of the metal bob. The modified relationship is '

density of the metal bob _c
density of liguid c—d

You are provided with a beaker contai’ning a liquid of_unknoWn density that is smaller than the
density of the metal bob. The density of the metal bob has already been determined in (d}.

Explain how you might use the existing set L]p to find the density of the given liquid. You are
not allowed to find the density of the given liquid by measuring its volume or mass.

Your account should include:

* your experimental procedure
* how you determine the density of liquid using a graph

.............................................................................................................................................................
.............................................................................................................................................................
.............................................................................................................................................................
.............................................................................................................................................................

.............................................................................................................................................................
.............................................................................................................................................................

[Total: 10]
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3 Inthis experiment, you will investigate the resistance per unit length of a wire.

(a) (i) Set up the circuit as shown in Fig. 3.1.

3vde.
0O O

wire metre rule

Fig. 3.1
Close the switch.

Measure and record the potential difference V; across the wire RS and the potential
difference V., across the 10 Q resistor.

Open the switch.

(ii} Use your values from (a){i) to determine the resistance per unit length k; of wire RS.

o
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(b) (i) Assemble the circuit as shown in Fig. 3.2.

3vdc.
O o— ~
wire
{ =] 3 =
P Xﬂ Q 330
{ 1—¢
vV
R B S 100
| ef } \ (e —
wire metre rule
Fig. 3.2

A and B are crocodile clips.

Connect A near the midpoint of PQ.

Measure and record the length x of wire between P and A.

(i) Connect B to RS. Close the switch.

Adjust the position of B until the voltmeter reading is as close as possible to zero.

Measure and record the length y of wire between R and B. Open the switch.

(i) Estimate the percentage uncertainty in your value of y.

percentage uncertainty =

9749/04/)2H2Prelim/2021
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(¢} Change x and repeat (b){i) and (b)(ii} untit you have a suitable range of values of x and y.

Present your results clearly.

(5]
{d) The quantities x and y are related by the equation
l:?-+b
Yy X
where a and b are constants.
Plot a suitable graph to determine the values of a and b.
B
D=
(6]
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{e} Sketch a line on your graph grid to show the results you would expect if the experiment was
repeated with the 33 Q and 10 € resistors interchanged.

Label this line Z. ' [1]

(F {i) -Theory suggests that

a_3
bk,

where Kk is the resistance per unit length of wire RS, and the constant 33 has a unit of Q.

Calculate k.

(i} State whether your results for the resistance per unit length of wire RS in (f)(i) and (a)(ii)
agree with each other.

Justify your conclusion by referring to your answer in (b)iii).

i

[Total: 21]
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4 The core of a particular type of nuclear reactor is cooled by pumping liquid sadium around the
reactor using a magnetic pump. The principle of operation of this type of pump is based on the
force experienced by the liquid when it carries a targe direct current in a strong magnetic field. The
direction of the force on the liquid can be found using Fleming's left hand rule.

The magnetic field is provided by two large current-carrying coils placed above and below the pipe.

The electric current, magnetic field and the direction of flow of the liquid are ali mutually
perpendicular as shown in Fig. 4.1. '

pipe

cusrent

direction of flow
of Hiquid

" coil

magnetic field
Fig 4.1

The volume flow rate R of a concentrated salt solution carrying a direct current 7 and flowing in a
magnetic flux density B is given by the equation

R =kB*1"
where k, p and g are constants.
Design an experiment to determine the values of p and g.
In your account you should pay particular attention to the following:

{a) the equipment you would use

(b} the procedure to be followed

(c)} how the magnetic flux density and volume flow rate are measured

{d) the control of variables

(e) any important precautions you would take which may improve the accuracy of your experiment.
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2021 J2 H2 Prelim P4 Mark Scheme

Experiment

1

_Question |

(a)

Repeated readings for ..

50.0cm < =60.0cm

L recorded to correct precision (0.1 cm) and unit.
LCorrect calculation, s.f. and unit for L/2.

(b))

A is recorded to comect precision {(17)
Evidence of repeated readings and averaging for A.
11°=A<17°

(b)) |

Successful calculation of percentage uncertainty of Ato 2 s.f.
using 2° < AA<5°

If repeated readings have been taken, then the uncertainty can
be half the range {but not zero) if the working is clearly shown,
including formula to find absolute uncertainty (1/2){max — min).

(c)(i)

Evidence of repeated measurements of ¢
t (>15s) is recorded with the correct precision (2 d.p.} and unit.

Average t calculated to correct d. o.
T'is calculated correctly and given to the correct s f. and unit.
1200s<T<1600s

{cXi)

Correct calculation and sf of d with no unit.

(d)

A is recorded to correct precision and unit {1°)
Evidence of repeated readings and averaging for A.

Evidence of repeated measurements of # and average
calcufated.

t (>15s) is recorded with the correct precision (2 d.p.) and unit,
T'is calculated correctly and given to the correct s f and unit.
second value of T> first vaiue of T

Correct calculation of d with no unit.

(e)(i)

Correct calculation of k; and k» to 3 s.f.
(or follow least s f. of k and (d + 1.707)) with correct units.

(e)(ii)

k follows the leastsf. of Tand (d + 1.707).
Since T has ... sfand (d+1.707) has ... sf, khas ..... sf.

(e)iii)

Compared percentage difference between k; and k» with the
percentage uncertainty in (b){ii) to support conclusion.
Conclusion depends on candidate’s experimental resulis.

Total: 12 marks
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Experiment 2
Question | Marking Instructions =~ - - R | Mark ]
{a) » Repeated readings for ¢. 1 ’

¢« 150cm<ec=25.0cm
« ¢ recorded to correct precision (0.1 cm) and unit.

{b) + Repeated readings for d. 1
e (=<
s drecorded to correct precision (0.1 cm) and unit.

{c) « Successful calculation of percentage uncertainty of d to 2 s f. 1
using 2 mm = Ad < 10 mm

« Ifrepeated readings have been taken, then the uncertainty can
be half the range (but not zero}) if the working is clearly shown.

(d) » Correct calculation of peos to correct s.f. with correct unit. 1
o Acceptable s f.
= Follow least term with least s.f. (or add one
more} i
» correct use of rule: follow d.p. then s f.
» 3 sf (complex case)
6000 kg M3 < Ppes = 11 000 kg m™® 1

(eX(i) Relevant point(s) might include: 1

1} One reading is not enough to draw a (valid} conclusion {not “not
enough for accurate results”, “few readings”).

2) Difficult to balance strip/prism moves/strip slips/strip slides/strip
moves on prism. This affects the measurement of ¢ and d.

3) Difficult to measure ¢ or d with reason e.g. difficult to locate centre
of (the) mass/parallax error.

4} Difficult to set/measure the position of the pendulum because of
thick string.

« Source of error must be significant. Clearly described on why
- and how it arises, and which variable that is being measured
would be affected.

{e)ii} Relevant point(s) might include: 1

1) Take more readings and plot a graph or take more readings and
find average of results.

2) Improved method of balancing strip e.g. groove under strip/flatien
top of prism/method of fixing prism or wooden block.

3) Improved method of measuring ¢ or d e.g. scale markings on
strip/suspend mass under stripf mass of uniform shape

4) Use thin{ner) string (allow ‘thin{ner) string’ only once in total).

» Feasible improvement to address the sources of error stated in
{e)(i). Improvement is clearly elaborated with details.

Page Dof O
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‘Question | Marking Instructions ..~~~ . T SR Mark’’
(f * method to measure independent or dependent variables 1

together with instruments used - Mark for use of ruler
= mention what quantity to vary and how to vary

Control of Variables: depending on what quantities are used as 1
variables o
» Keep “30 cm” constant using rulerto check
OR _
keep mass constant (by using the same slotted mass or method
to check),
» Linearising equation shown 1

+  Mention of plotting ....... against ... ...
* Mention of how density can be found from graph - Density
must be made the subject if equation is used.

Total: 10 marks
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Experiment 3

muestion

Marking Instructions

Mark

(@)@

Repeated readings for V; and V..

Vi and V2 recorded to correct precision (0.01 V)

(a)ii)

Correct calculation for resistance of wire RS.
If total p.d. across resistors is used, must be the addition of V,
and Vs,

Correct s.f. and unit for k.
Mark for only s.f. and unit
Must show the length used to the correct precision and unit.

(b)(i)

Repeated readings for x.
450 cm=sx<550cm
x recorded to correct precision {0.1 cm).

(b)(it)

Repeated readings for y.
y<x
¥ recorded to correct precision (0.1 cm).

(b)(iii)

Successful calculation of percentage uncertainty of yto 2 s.f.
using

2mmsAy<5mm

if repeated readings have been taken, then the uncertainty can
be half the range (but not zero) if the working (formula and
calculation) is clearly shown.

()

At least 6 sets of readings without assistance: positive trend
between x and y.

Evidence of repeated readings for y.

Correct table headings with correct units.

x and y recorded to correct precision (0.1 cm).

1
{y) calculated to correct d.p. , Tand X to correct s.f.
: P y

(d)

Correct linearization with statement clearly presented.

www.testpapersfree.com
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Question | Marking Instructions o ark |
‘ » The hypotenuse of the gradient triangle must be at least half the t.

length of the drawn line. Both read-offs must be accurate to half
a small square.
» Gradient triangle must be shown and drawn using dotted lines
+ Gradient coordinates must be shown on graph
* Ali read-offs must be accurate to half a small square (including
y-intercept) '
* Gradient calculated correctly to 3 s f. {or follow least s.f.) and a
presented with no unit.
* Accept dropping of trailing zeros for read-off
* y-intercept calculated correctly to 3 s.f and b presented with 1
correct units (cm).
» Accept dropping of trailing zeros for read-off
Graph: Layout 1
» Scales: must be chosen so that the plotted points occupy at
least half the graph grid in both x and y directions. All
observations must be plotted. Awkward scales {e.g. 3:10) are
hot allowed.
Acceptonly 1, 2, 5 only (every 10 small sq)
= Labels: Scales to be labelled no more than 4 cm apart.
» Axes must be labelled with the quantity {and units) which is
being plotted.
Plotting of points 1
» Al observations must be plotted to an accuracy of half a small
square.
« Penalize if additional plotted point not shown in table, for eg.
gradient coordinates or points in sketching the new graph
marked by x
Graph: Best Fit Line 1
* Judge by balance of trend points about the candidate's line.
There must be an even distribution of points either side of the
line along the full length. Line must not be kinked. {Allow only
one anomaly)
(e) » Line Z below existing line in graph. 1
* No marks if iabel Z is absent.
(i) » Correct calculation, s.f. and unit for k.. 1
()i * Compared percentage difference between k; and k, with the 1
percentage uncertainty in (b)(iii) to support conciusion.
» Denominator should be minimum k value
+ Conclusion depends on candidate’s experimental results.

Total: 21 marks
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Experiment 4

(I EOT00 OO

“Section Description -~ L e S LuEE T Marks
Diagram » Placement: Diagram showing hall probe between coils and 1
volume flow rate meter on pipe.
(Alternatively, gaussmeter/magnetic field sensor connected
to a datalogger)
» Connection: Coil or Circuit is connected to a variable power
supply/power supply connected in series with a rheostat. 1
volume flow
rate meter halt probe
data-
logger pipe
V& —
\ \ direction of
A \". flow of liquid
measure I— current (through
current liquid) going into
through coils coils paper
Side view
coils
Lol pipe
,, \ /
i L3
! , ! PR—
\ L
“ 7
N S direction of
A \\‘ flow of linuid
: I /< current I going
measure I through liquid
current I going
through liguid
Top view
Page Jof 0
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Procedure Independent Variable
Measure current I using an ammeter (connected in series with the 1
wire and power supply - can be awarded if this is shown clearly in
the diagram). _
Measure magnetic flux density B using a hall probe connected to a 1
datalogger/voitmeter/CRO.
Dependent Variable
Measure the volume flow rate R of the concentrated salt solution 1
using a volume flow rate meter
Repeat
RUN #1
Vary I by adjusting the variable power supply while keeping B 1
constant.
RUN#2
Vary B by adjusting the current flowing through the coil by varying 1
the power of the variable power supply connected in series to the
coil while keeping I constant.
Analysis RUN#1 1
Plot a graph of Ig R against g 1
y g = gradient
RUN #2 1
Plot a graph of IgR againstlgB
p = gradient
Control  of | « Keep the (internal) diameter/volume of the pipe constant so as Any
Variahles to keep the effects of resistive forces from the pipe constant. two of
s Keep the temperature/density/concentration of the salt| these
solution constant. points
» Distance between coil and pipe constant by measuring using
metre rule so that flux density is constant. 2
Additional = Adjust the hall probe until a maximum reading is achieved.
Details Record this as B OR Hall probe should be placed at right angles
to direction of magnetic field/plane of coil.
» Reasoned method to keep Hall probe in constant orientation
{e.g. use of set square, fix to rule, optical bench or equivalent)
» Repeat each experiment for the same value of B and reverse
the current/Hall probe and average
» Method to calibrate Hall probe using a known field.
* Method to keep concentration of liquid constant.
* . Close the switch for the circuit with the direct current and wait
until the flow rate stabilises before taking the reading.
* Choose a suitable range of current to be supplied (either to B-
field or through the solution) such that the percentage
uncertainty of the reading of the volume flow rate is minimized. ]
Page Dof O
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« Align the plane of the coils to a set square placed against a
vertical plumbline to ensure that the coils are parallel to each
other.

« Use a set square placed against the pipe and against the wire
to ensure that the current is running perpendicular to the flow of
the solution. ' :

» Place the whole closed pipe of concentrated salt solution on a
horizontal surface so that the flow of liquid is solely driven by

- the current supplied. Check by placing a spirit level along the

‘ pipe.

« Linearising equation: IgR =lgk +plgB + glgi
e Setup away from other magnetic sources to prevent

interferfence
Safety « Wear thermal-insulating gloves when adjusting coils as they | Any
may become hot. one
+ Accept wear insulating/rubber gloves, reason being electric
shock 1

« Switch off current to the coil when not in use to prevent
overheating.

Total: 12 marks )
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